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oil 2\n ^± ^(microdefect) ifl^i-g- °J^3-<1S. ^*Kr ^ ^ *fl€ 

tfofl 7fl^S 7>*lfe ^H*^ ^*Hr 71^-4^ p-n ^ ^f^HH ^ 

jl^I ^*fl M-b^h ^ ^/^^ ^<HM-£^-, ^ 

^ sfl€°l ^€ 7fl^» 71^4 alcfl^ ^-£5. ^ JE^g cg^^. ^ 

Stir, 7flAl5l 0]*}Q ^eflolS. tifll^ 3£^} sfl 

£ 14 



52-4 
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^ ^/lEfe #^^"^]{Si 1 icon optoelectronic device manufacturing method and Silicon 
optoelectronic device manufactured by thereof and Image input and/or output apparatus 
app 1 i ed i t } 

£ l-£- ^a.^^ S^ofl ^€ ^^^| ^ ^ zl 

-Mb^ <3^°1H^ 7>^^>rfl (valence band)£j- ^£rfl (conduct ion band) 
oflu)^ ^Sr 5^, 

£ 2^r e]i^ ^£]^§: ^ ^>o} ^ ^ 7 fl^ iL°J ^ 

51, 

£ 3 tfl^l 51 6£r ^ ^aHH o^s. ^^j. l±°a SL 

3. 

£ 8a ^ SL 8b^ AFM S^J±ofl ^.o] £L^, 

5L 9 ^ SL 10^r ^.g. ^^^>7l ^*fl A>-g-^ ^ 01^ ^ 

52-5 



rt 

1020030003259 <Qz\: 2003/2/10 

£ ll£r Stt ^H] SStif 7Hb AF&H Sl«fl "}iaf1 3flEl^€ 

£ 12^ 2^V€^O.S I" rtfl, 7l# S-OJ:^ -g-^^l- # 

^-i ^f- sfl^ll- 7fl§^ ^.5. iL<y H^, 

^tfl^(R), s).^. tfl^(G) SL^r sj.^- xfl^(B)6fl ^ tfl-g-s> 

^ ^7l(T R )(T G )(T B )^ ^ ^ ^^-i: ^.^ 

£ 16^-, 7]^ 2002-1431JL2] ^-fSJ- Q6] t 7l^r S^^l 7V<33°-5. 

£ 17^r £ 12 ^ 5. 13°fl t)l-fif ^-ol 7l# ^ofl 

('Triangle') ^ A>cfe| 'Trapezoid' )^ ^± 

^i*}(20)3l ^ ^ (simulation) £4* 7l«r S^ofl o]^^<y ^ ^ 

^fl^°l ^3*1 ^ ^, l-el^-^-S. 7]# &&io) ^^('Plane)^l ^-fsf *]M 

£ 18^ ^l^Al^ofl 4t sJ-# og^ nJ/£^ #^#*]« 7flSf^ Ji 
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£ 19tt -g- *H2*UHH r4=. gj-^V og^ ^/^^ ^^s. 7 fl^^AS. iL 

£ 20-£- £ 19^1 2*1 ^ ^Eifil 7fl=?3 £.5. ^.<?1 

^1 

£ 22^r sK v ^ #^ ^r^H^ t^ofl trj-g. sj-^j- oi ^ ^/JE^ 

£ 23a ^ £ 23bTr Sj-tf ^ #3 a- ^r$6\) ^ 5)-a o v <>m tf/ 

£ 24^ -g- ^ofl 4^ 3H>> <^ ^/HL^r #^^]7> t^l*g ^eflwl^o.^. 7>}-§- 

1...7l^r 3...o>^3. 5, 5a, 5b. . 

7...*l4i ^ 8...p-n -^-^ 9...^1^^- 

9a...7fl-?- 10...£^g 11...AFMSSJEL 

13...fKtip) 15,17. ..^]1 ^ *ll2*i^- 20... ^e)^- 

25,40... n^. 30...^)-^ 
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<27> ^. ^ o. ^^3. %±_7.\ ^ ojofl o^gj] ^ °1 «- *fl 

-g-tl: SK V ^/HL^ #^#*H ^^cf. 

<28> ^.g. 71^^^ ^ db^K ^ ^ ^> ^-g- ^151^ 

WlSfl M ^7>S, JI^3 ^^1" ^ SJfe ol^ol o^cf. nj-B^, t^-g-S] ^ 

S\3.±r ^B^(Si)* 7]£ zHsLS. A\^\JL 9X^. 
<29> ^ 7 )9\. ^ ^E^oj 7Hb ^1^^- f^g-*} ^3], ^3 J^S.^ ^ ^ 

« <a^7> ^^§1 54 cK 4^ *J 3^ (Porous silicon) ^ ^B.^ 

^el^CNano-crystal silicon)^: 7}*}^ ?A°] ^^^.S. ^ 91^1 91^ 

^, ^l^Hl ^7} 

<30> £ 1^. ^^^^ ^S]^ JE.T£ofl ^^5] cf^-^ cgo^o^ ^ H 

4^ ^el^ ^^H^ 7>^7>cfl (valence band)^- ^£tfl (conduct ion band) ^H^l 
«fl^L ^ ^.oi cf. 

<3i> ^£1^ ^^^(Si)* ^mrfl , l"iKHF)°l 

^ ^cH, zl &=l^ si^ ^7)^^0.5. (anodic 

electrochemical dissolut ion)tr ^1^^ ^ 214. 
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<32> ^^g- Ir^V -g-<3}ofl ^ ^Bll- ofl, ZL ^H]? S^a* 

-£ l°fl «>^- ^1, <^s] i^daipore)^- 7}*}^ ^s]€- <8^(1) 

*H *l*fl Si-H ^^-o) jicf #o] ^7fltV4. ^^(1)^1^0) 7>^^>tfl o\]\j 

^l(Ev)^ ^m^l(Ec) A>o]o| oflui^l HRS. tf*^ <&*\& ^(D^ q<#3\- 

€■ <S^(1) S-^H^r i<H -¥--&( la HI t-&|*K] ^.s. w.w( lb)) o. c$x\ ^ ^ 
(quantum confinement effect)* M-^-t-IH ^§.3.^ ^Je^^l jafljE. ^Htf ^^l^l 

<34> ofl^ ^el^ ^(lHH, 3L<HUaH t-s]*K] lb )-g- <8= 

^ M-Bhflfe ^el^. s±o)o] ^Bfl S ^^*>^, 1-^ o] S^o) 

^tfl, 5nm, ^cfl ofl^tfl, 3nm ^i^c}. 

<35> 4^ 7]^ § i^># Afl^>ji, ^(1) 

^s]^] *^>S-2.^, JL#(EQE: External Quantum Ef f iciency)°l 

0.1% $5.3, ^l^^l 
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< 38 > je^* , m^ae)^ -Sel^-g- ol-g-tb ^ ^* r fe-, P ^ ^e)^- 

7l*(2)4. #7l 7l^r(2) <§>8^ (amorphous) ^^^#(3)4, A oM til^^ 

^B]^*(3) -*ofl ^^^-(5)4, #7l 7]^(2) ^-71 ^^^(5) ^Hl AA 

%^ *>,^^(6)(7)^r S^-*Hr 7\A*\, A oM ^3^(3) vflofl 

quantum dot ^^fl^ M-i^S^U ^-^(4)* ^-tfltVtf. 

<39> ^3^(3)* ^^71 4HM 700°CS ^-SrAl^ ^^H^l 

^ quantum dot M-i^^i^S ^e}-E(4)°l ^4gcf. o]nfl ( sfr 7 ) n]^^ ^s}^- 

%(3)S] ^-^1^ 3nm°laL, M-i^e^H *3e^(4)£| 371^ c}]^ 2~3nm°14. 
<40> ^-71^ ^ ^hzB.^^ ^#(4)* oj-g-^- ^ a o v 7 ) ^sj-Jf ^ 

(7X6)* fsM ^ ^f^S ^s}^ 71^(2)4 q-^^&li^ €&)-&(4) a> 

°<^H €• ^^]7> 1"^*H fe^r ^7l-2f ^ 

3^ ^5^(4)* ol-g-^J- ^ ^Hl^i ^ 4^ ^e)^ quantum 

dot^ ^7l7> *r#^ a-of^cf. 
<4i> o] e.] ^ 1+1^3^ ^e)^(4)* ^ ^7Rr i4^ae)i^ 

quantum dot^ S7l ^ (uniformity) ^7> <H^j1, J:-§: 0 1 d Hr 
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<42> ^7} tb ^ #<£HiirH o>^^ ^jo S> 7l^o) o] 

*fl ^12:^ ^"^1- ^ ^-g-*]: <^ ^/SE^r afl^-fecfl ZL 

7l^# ^ 5E^r 7l ^ ^ti^Kr ^7} 7)&°\ &i£o\] 6\}^6]) ^ 

±. ^(microdefect) 4€* °J^I^S ^^Rr ^}^; ^7] ^ sflifi ^ofl 

7fl^-l- ^*Rr ^"711^-; 7l^-52]-Sl p- n ^ ^f^HH ^ M 

°fl JL4# M-^HH ^ ^/5E^ ^^-o) ^ c>1 q.t £ s. j ^. 7l 7l ^.o) ^ 

3g cg«^. ^*Rr ^7fl;# if-<5Kr a* ^H) fVcf. 

<44> <^7)^ ( ^-71 ^ Sfl^-a- ^ ^ ^-Tjl^; #7] 7)^: &^o)) v}^EL%-^r ^ 

71 71^- S^ofl ^ sj)^ ^1^^0.5. ^^A]7l^ #?]]<2]-; ^>7l u>^ 3 ## ^7^ 
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<45> ^^ti. SE^- 7> <H 31 ol ^ tifl<i^ ^E] n^af A}-g-*H > Aj- 7 j 

<46> ^-7] AFM ES« 0 J w^^j^tf . 

<47> ^-7] ^c^nvo. 4 v 7] £3 g eg erf o] JE^g ^s^JS. fr}^ 

<50> ^ ^ afl^l ^Hl 7fl^» ^nKg- ^^*>J1, o] 7fl^# -f-^fl ^ 

3} 5L^g ^*H, ^Hr3 ^L7> 

<51> Aj- 7 j ^ ^ sflBl^- A^S. ^7l7> 4^ ^Hr^ ^dfc. ^ Sfl^i cgcrfo.^ 01^.01 

^ ^^^H, W ^ ^/^^ ^r#*Hr 4^ <H 

<53> Aj-7] S.^^. ^^ 7 ] o|*V M. ^6\) nj-S. <y ^ ^/3Efe #^^1^, ^ e) ^ 

7>7f oHHiS- «ti<l£H °l-¥-<H*l #dfc.7> 3im;-§- aj-71 ^e)^ 
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^^Hr, ^7} 7}%°\ K^] «*fl3N ^*fl <y^^o.s ^£ ^(microdefect) 

7}&3±2] p-n ^ ^f^H <#7> S^Hl ^«fl jLSfl" M"^^ 

^/£E^r ^^-o] AV 7 ) ^± ^f- 3fl Bio] ^1 AM 7] 

<54> o^H, g)-A o V og^ ^ S.-- 7>^V^ > 0^3). ^ 

<55> 3^ oj^ ^ ^Aj- ^^ol 7>^H, 2H£ ^ 

<56> #7] 71 #o\) ^ J£^\ sfl^ S ^ z}- gj-^if ^Sl <^ a) ^/S^r #^ ^ 

<57> #7] ^Sl^ n^o\)±r ^ 7fl o]^-o\ %^z} 7 } 3*1 £} 

<58> 7^ -%£.6\] ^^£1^ /fl 7 fl #^*Kr t}^ 5X(-^ ^ ^ 

<59> a)*}, igJf S^l-g: ^^A^ ^r$o]) ^ ^e)€- ^^7> ^ o] 

°ll *fl^€ ^7.}- ^ O]^ ^/SE^r #^^0) 

<60> ^- #^9J^, 2002-143lJL(2002\i l€ 10^, "^€r 
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°1» 3-§-tr ^o>°l^ ^el^MI ^ OL p-n ^ 

tr a> #7l #^ 2002-1431 Jl^l 41 3^ ^^HH^r, ^ -id^^i: 

m^m± ^#:mi erode feet) 3.71 ^ ^7]7> IHrfr <*3J- STi^r ^ 

*r<33 o.s.(self assembled) H^S^. n?-^ , -^tr 

(uniform) ^ ^ ^fl^ofl ^S^l o}&4. 

<6i> Aj- 7l 2002-143lS^£ <^£H HV^f ^(ultra shallow) 

^Hl 2)n *§^€ ^21 **fl ^/3Efe ^ 7>^1^ 

2) 4^ a^ofl ^htr ^*fl m^^cf. ril-iiM, ^MSN^-i- ^ 

Hfl^>7l fl^Mfe s.^ H 7 | t 7 >^1 ^^-o] m.^ -711- #JL tij-^-^o.^. afl^^o).^ 

^- 

<62> -M. ly-tgofl 43 A o v 7l 2002- 143 L£ <*IM *l #4i7} ^1 

2 *3 ^°\) ^# 7>ol^ ^^a]71^ ^01 ovqef, ^&)^ ^ 

*r€- #^7]-^ ^-71 71^ 2002-1431^^1 71] ^^V^ d}^ 7 H 
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<65> J£ 3^. ^-S^, ^1^, ^B^l 7)ti}# ^ n ^ HL^r p^ 7)^-(l)# ^ti] ^rtf. 

A oM 71^(1)^ ^Bl^(Si)* £fsfe ti>5L^l #2] <^mtfl ( Si, SiC SE^r cfoj 

<66> tl-g-o.S., £ 4a tfl^l £ 4e^l £*ltr ^<H| 4^, A o v 7l 7l#(l) °1RM1 

^*fl €*Rr 371, *8tf * ^7}S. ^± ^(7)(microdefect) 4^ <&S]^<>-3- ^ 
tr^K £ 4b^l^i^ ^(5) 2fl€-g- 4^-5l7fl M-^^o.^, £ 4 C vfl^ £ 4e sq- *^€r> 
^ £ 14<HH^ ^ ^(7) 7]} ^EHfl&t]-. 

<67> H 4a ^fl^l £ 4e^ Q*}^ 5-°<M 37]2] n>s.o^ 7 j ^ fl « 0 >^ 

<68> <y^^AS ^*Hr ^± «(7) ^^^>7l ^*fl, 5L 4a<^l w> 

^ ^l^-(l) S^^l *j-i£l*(3)-a- ^tr^f. p>^#(3)^t, 71^(1) 

o\) ^Kr i£eflx]^E*^. ^^^ji, oi-i- f>}i= all ola. (hard bake)*H 

711 ^olcf. 

<69> cf^-o.^., £ 4b°fl ^o], n>i^#(3)^l 3l*Kr 3.71 ^ ^7lS. ^ 

(5) sflli^ ^^tb^. 

<?o> # 7 ] ^( 5 ) jxfl^o. ^ fo1 _ AFMCAtomic force microscopy) SSJi-I- A]~g-*>a} 
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5^(SPM: Scanning Probe Microscopy)^ ^r^-ol^f. AFM-cr ^^l^Jl -*f^^ ^JL ^^>S.-gr 
3^J13. S^^r 2^^o S i?^5H 3^3^ S^^iLl- %°.3-, 

S.^ *\o]6\] tiV^^^. ^^^Tfl 0.*]^^, ^, TIE) 

-§-tr -S-^ #^<*fl *J--g-*Rr ^^lS-S, AFMtt #7l7> 

*}-8-*r i a, €*Rr 3.7} * ^715. ^(5)^- <8>^ ^ $X^. 

n}i£L^(3)°1] ^(5)* ^^Rrdl, ^ ^ti.^- AFM £i 

t±7} <a*Rl ££^r tiflcg^ ^E] £S«t 7^1^ AFM°1 ^-g-^ ^ Sa^K 

£ 7^: AFM SS.ti.(ll)o]l n>i=L#(3)^l ^(5)* 7fl^o 

S H<^tf. AFM *tKl3)^r ^\*r ^JlS. 15) o]# -g-^c^^, 

v}^EL^(3)°\} Q-s}^ ^(5)* ^ &i=r. S- 8a ^ £. 8b^ AFM £S1 

(ll)ofl A>-g-£]^ iLO^tf. ^ 2.0^ ^ej. p^^O)^ ^ 

(5)^ S.<#o) ^e^tf. 

9 ^ JE 10^ *}^£1#(3H] ^(5)-g: ^^^>7l ^sfl xf-g-^ ^ o}^ i^eI S 

(cant i lever)!- Ji^^cf. £ 10 ^-^^ £SI7} 2^>^^ afl^^l ^Hj E£l 
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^H^ell^* iL°i§cf. £ 11^- Stt ^E] 7V^1^ AFM<H1 4*fl °}iaf(3) 

*)1 ^(5)01 S.^* 7flsf^o.S. Ji^tf. 

<76> H 9 ^ £ KH iL^*! w>4 ^ ^ £ilf 7Mb AFM» a>-§-*}^ , ^ 

<77> cfAl £ 4b» , SSI £r ^3 Sitif 7 >^1 AFM-& ^ 

^(5)-i- SflE^*}^ P>A 3 ^(3)«i1| ^Sj-b SO], S.OJ: ^ -7lS ^(5) sfl^ 

<78> cf^ 5j-^V rfl^^ ^^3. %^*}^ olj!*} ^ ^^lfe, ^1 3. ^(5)-g- 

sflE^^ €4. °1 ^-f , #^7}^r ^^*V Sj-^-cfl^^ ^-ofl tflsfi^n]; «V^- jl 

^ ^/Hfe M-^tflTfl ^nf. 4^ 4^" cfl^ ^mtfl , «H#-g- ^e)^- 

^ # 03377}. ^-ooflb, Z| cfl^ofl Cfl-g-^s. ~ 7 | S ^(5)-g- sflEl^ 

^ £4. °1 ^-f , #^7}^r ^ 4# ^4 #<H1 <M ^ ^ ^/HLb 

<79> £ 4b4Mfe 4iaf(3)<H| ^3^r ^(5)4 4-21- ^H 1 4*tt 3 

^4 2. 0 J=°1 ^ Sl^-* H^l7l ^sfl, pfi3f(3)S] H-^l^ 3£r ^ 

^(5a)# ^^Hm ^ ^(5b)# ^^^r ofl« Ji<*)^4. 

<80> ojufl, Aj- 7 1 .^(5)4 S-°a= £ ^71^ ^SKr ^Bfl^cf. 

<81> Aj-71^ ^-ol, P>i3^(3)^l ^Rr -E-°o= ^ ^7lS] ^(5)# ^^^b 
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£. 4c ^ S. 4d^l S.*]& *W Qo], ^H 1 *H8*M£ D Hlt!: M ^€ ^, 

^(7) 4€^r ^#<H # 4 s ^cf. ^7H, ofl^l =5^0) ofl^Cdry 

etching)^: °l-g-*>fe- ?J°1 «m , ofl^J(wet etching)^- <>l-§-<5}^ 7}^<sl- 

^(3£r ¥^(5a)o] ^ 7fl^-S|31, ojofl cqsfl ofl^l ^-^^ 

cf. nj-^i, i^fe ^± £#(7) sfli?H o]^^o.s m^€i=k 

<83> o]ofl ( P}iHf(3)1 ?i£r ^(5a)°l ^-^H^r 7]&(1) 3-^°} ^ a 

31 ^Tfl ofl^sM, ofl^tfl, #z*$ 5.^(3^^0.5. 1- Hfl^r Hi^ tj-zf ^-4 ^-A> 

^H^r 71^(1) S^O] <|>JL ^Tfl oil ^1 5L) O] A>t^^^ 2.*9=(3*HlaJ.SL3. f 

tfl i&fe cfz^- ^cflsf -ft-A}^ s.^)o] ^--fell- ^ ^^oi - oicf. 

<84> £ 12^ 2*H&3 1- nfl, 71^(1) S^^l *S^€ £^2] -g-fell- ^ 

^ ^, q-i: ^(7') 7fl^o.S. £L<^i}. £. 13^r 2^^jo^ ^ nfl , 7^ 

(1) *]-cfem ^ ^(7") 3fl^# 7fl^ iL 

<85> A o V 7lS q. ^-o], n].^^( 3 )oi] ^(5)2] ^21 *>^, ^o] ^ 

-g-^-Sl cf=7fl *Rr 7>^>cf. o^H, Jg-O.^ ^o. n>i 

3#(3H ^Sjfe ^(5)3 ?M ^ ^H^, °fl^ ^(5)2} 2.0J: ^(5) 
SI £171 ^/3^=r ^*?)(5)£| ^7lofl SjSJHJE ^ olcf. 
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<86> 7]#(1) ^71 ^, ^ ^^"(7)21 ^7lofl S^ A ^ ^ ^/ 

£(field strength) -^M ^5r€4. 
<88> Aj. 7l sq. ^-o. ofl^ ^ «V^-^^>7fl^, =2}-o] ofl^l ^o] JL, n|-^£L# (3)^8: 

M'd, £ 4e<Hl t.}-^ ^-o}, ^(7) *DlH ^€ 7l^-(l) S^^l ^eiM- 

<89> <^7l^, £ 4a ifl^l 5. 4e» ti£ ^^*V ^ ^ ^9>°fl ^ ^(7) 

^flU^l ^71, So] *|H^ ^ ol 7 l nflS-ofl, ^*Kr ^1^7V 7>^^^1 

oo> ^ ^^-(7)^1 ^71 ^ ^El(microcavity)2l 7^o]f ^ > ^^-^ 

#°1 ^-tfls. ^± 7fltHEl^ g-Tfl #°1 f^r^. 

<91> ^Rr ^-°r ^O.^ J^E] tq^o]^, ^-71 

2002- 143 1JL°11 ^1°>€ ^£le ^7>S1 self assembled microcavi ty°H «l*fl Jl#^ ^cfl 

<92> C-l^-ol, ^El^l 7la># § 4|| o]s) tfofl^ ofl^cfl, ^^5. €*Rr #-§r 

^/^^ Q*\±= 9J 0.7l±=- ^ojS- Cl7>0]^ > 

^#*}^ ^°1 31Jl#S1 sJ-^V ^/SE^r #^ fl^ ^-g- #^7} ^ efl 

0 1« ^ 9X^. 



52-19 



1020030003259 H*}: 2003/2/10 

<93> £ 4a vfl^l S. 4e°)Hi4 ^*fl 7}^(l) ^€ ^ 

^(7) 3fl€ Si 5a ^ £ 5b«^l t>r^ ^1 , 7fl^(9a)» 7}^]^r ^^(9)^ 

Wit^r. £ 5a S £ 5b<^l^1^ ^(7) sfl€* ^.^^Jl 91t=V) , 5L 

^ ^€21 ^71!- cfSTfl 4^ ^-o. ^ /SE ^ ^^>£^- ^ 

<94> ^l^nV( 9 )^ £3g cgcdo] ^-51^ £3g ^ojS. ^ ^ S) 51^ ^ ^ ^ 

sfl^ ^oHl £ 5a^] «V^- ^5|-^(Si02 layer)* SH* 

^-§- ^^r 7fl^(9a) M^^n^ ^g-g- ol-g-^V^ ^^^o. S ^) £ 5b ofl 

3£-.3M?HI ^ o] =.o|^o Si 7 ]^r(l) #^-* t±£f -S-^flS. ^#<H 

<96> *)H^-(9)£r 51^§ <3°4 ^^A] o}A 3 ^ 71^- *H , 51 ^ <^ o] i^Kr 

^-£5. ^ ^£]51-I=- *Vcf. ol ^)H^(9)0. £ ^ oJo4^. tg^ffr *_6\) ^Efl^ 

(10)* ^^W. 
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<98> J£^H «fl?itfl, ^(boron) S^r <?1 (phosphorous )-g- #7] *\]o)^(9)2\ 7fl 

^(9a)« ^-«H 7)^(1) tflS. ofl^tfl, til^g^ J^V ^6\] s>]$\ 

^(7) sflHsl ^ tcj-eq- 7)^(1)4 tilcfl^ ofl^tfl, p+^o.5. ^-JES ^Tfl S^slJL, 
7}^r(l)4^ p- n ^ ^(8)^ <#*r fSt i^S <3^(10H £<H*1^. 

<99> 7l^r(l)jq-^ p-n ^ JMK8HI °<J=* r ?2t 7>^1^ ^-JES <&^r 5L*$ ^(10)* 

<100> «^7H f 7l*(l)^r p^iLS. S^S)^, ^-71 ^^(10)-& n+^JlS £^ £] 

^, JE^g ^^(10)51 7]^(l)a4^ ^ ^ t p - n JjUH(8)ofl °<f*r ^(quantum 

well), ^(quantum dot) ^ °cMr ^(quantum wire) # *>M-S. ^ 

^£7> <#*H^Jl*M1 51*1 M JLSJ-I- ^ ^711 ^rf. 

<102> ^7]^, p-n ^ -^(8Hl^r ^JSLtt ^#o] ^5H, ^oiq- <£ 

*H ^£ 5^. S *l, ^-71 p-n ^ -^(8H1tt ^, 

^1 ^ ¥ 7r*l c1a o Vo] ^€ *r £ 91^. p-n ^ ^(8H1 ^ 

°<f*r ^2^1 Cfltl *H1^" ^7} *1 7l$ f25}^ <5>J1 o^7l 

<103> ojsq. ^-o], p- n ^ -^(8)^ 5L^#°j <g-3€ ^21 7>^fe 

tfl, #34 barrier^ <« cfl^ 2nm, 3nm ^£7} ^cf. 
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<104> o]s± £0} p_ n ^-^(8)ofl <#7 r ^-fr ^*Rr i^g^ <#7) 

^(9)^ ¥^1 ^ ^ ^ 2:?! 2$*\SL3, *]o]-&SL£.») ^ ^cf. 

<105> ^-Al ^ ^ l^-AV ^£ £J 7l^;(l) ^± £#(7) Sfl^ol] ^tb 

€ 5£ 31 it (deformed potential)^ ^ (prof i le)£) ^7]- ^^cfl, 10-20 

SlTfl sic]-. 

<106> ^-AJ- «.ol:oll y].^ o]^, Aj^^. Ay^o} =^ 7 |. 33 

A)S.cf ^-^71 q- t^o^, vacancy (^l^>e))7> SKH1 cgtg^ nj^ £o] 

self-interstitial(*}7l ^-A]))ol ^ ^-A>ofl ^-g- n]^ ^a> 0 1 ^o] ^o^q-Tjl ^cf. 
^-2^1, Si self-interstitial ^ vacancy7> -frA}^ t^s. 

3^ -r-^llS. ^^sf^, Si self-interstitial^}- vacancy 7> *\S. ^tr^l 0 ! i^rM^l 
* #^*r*l &7fl 5L^°) 7>^5fl^lrf. c^H, vacancy ^ 

self-interstitial^- #^3^1 ^4 71^^-^HIa^ ^ <£s}t} 

iLt} 7H]^ Ajtg c. ^e^tf. 

<107> ^ 7 |A^ 4^5] %4l7} Ol !- ^^L*r ^ ^-f^, ^ ( 9 ) -g- 

^ ^(7) 3fl€ ^Hl 7fl^(9a)# °1 7fl^-(9a)« -f-Sfl 4^ 

21 JE^g ^^(10)* ^*V^, #4^} ^^lol^. Oi^ ^ Olcf. 

<108> SE*V, 4^ 2}-A>o| ^-o. ^ ^#<5Kr Aje)^ fi4 o^M* ^ 

^sr>J77l- ^^l^r, ^ £#(7) 3flH* AjS. ^7l7> tf-§- 4^0) ^ 5flEl 

cg^O.^ ol^7l£4 S^bJ-JI, Olofl cfl-§-£]7fl 7 fl^.( 9a )l- ^V- ^^nV( 9 )^. 
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^^*>JL, ol 7fl^(9a)« ^-«fl <^^(10)# <§^*>a^ f ^ sJ-#3 t 

# ^/^^ ^^>^ ^-^} teflon- <g-g- ^ oicf. 

<109> W-]^, ^-71^ ^Ol M «^(10H ^71^ 6.S. <34 7>^B->7fl 7l^t 

(1H ^ £ 14^1 «>$f ^ -*Je^ ^7>(20)7> -a^^irq-. 

<110> 5L 141- #2:*M3, ^11^(15)^: ^(lOH ^€ 7l#(l)°l #ofl $ 

*ll2*l^-(17)£- 71^(1)^ 7^ofl ^^^cf. ^^tl: £^1-^1^1^ ^jaj- 
^ o.s. «>^f Jf7fl# M-E}\£cf. £ 14^ ^ll^^(15)^- ^ 

^ ^ ^flll ^(10)^ <a^^ oill- ^§4. ^-71 

*Hl^(15)£r ITOdndium Tin 0xide)sf ^ ^ ^ 74-g-^a} <^ 

(10) ^Hl ^^l^^S. ^r-£ $1^. 

<m> £ 14^1 ^-tgo^Hl n}-e- ^7>(20)^ 71 ^(1) S^^l^ 

<^fl ^§Kr a>tfl S ^ ^2 q-i: ^(7) ^fl ^ ^^a} olcf. o] 

"fl , ^ ^(7)£- ^llr 1-^ , £ 12*11 *\Q #4 S-^oItIM-, £ 13^1 ^ <4 ^ 

<ii2> £ 141 w}^- >£^°)1 >4€- ^el^- ^-^>(20)fe JE^g ^^(10)^1 

71^(1)3}-^ p-n ^ ^(8)«fl ^7>af ^ ^ qsg & ^1 ^ oi^ 

o^f ^27} ^^S]<>1 SlSLILS., <£^-& ^<>1 ^#^7} ^/H^r ^#^4^1 

<ii3> a f ^7l ^el^ ^-i7>(20)fe ^-ol ig^^SA] 7l -^. ^Vcf. ojll- l-ol, 

A o V 7l *fll ^ ^12^^(15) (17)^: -f-Sfl SE^ &^-)o) 7}f%*]^, ?j\£[o]^ ^ 
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#7} p-n 3^ ^(8)3 ^3-2, °<J=*> -f#vfl^ = 

<Hm^l(subband energy) eflt-g- -f-«fl TDI^il «H , ^fl^Ml- 0 ! ^3 

^ofl uc}-^ t].*^ sj.^.^ ^ ^v^. (electro luminescence :ELH l^sM, o]^ 

€ ^ iH^^r afll ^ *H2^Kl5)(17)-& #*fl 7>«fl^l a - ^ 

S^r, ^-71 ^e]^ #^(20)^ ^^l-S.*! 7l^# <y^3-° 

S ^ ^(7) 3fl€^ ^7lofl ^ 3$v}o) ojA^ol -f 

1- ^a°J p-n ^ ^H(8HH #747} ^7Vsf ^ p _ n ^ «.^( 8 ) 

°fl °<M- -f#ifl^ ^ iffls. ofluix] efl^(subband energy level )S AA ^7]^A. 

nJ-eH, ^ SIS ^1^, 7^j-(r.] £ Al)ol ^s)<H 51 o.Tg iAf^ ^-^ofl y^*} 

°1 A oHl *| ^^*V W>fif ^o. ^r$6\] 4= ^7>(20)^ ^5.3. °J=7fl 

€ 3^ <3<3(10)^ p -n ^ ^(8)<H1a-1 &®%2] ^^91 9l*}<$ 

^ 1L^7} ^MJ«H, <#7}- -f l-i^oll -^«flJEL ^ui^Ksubband energy) 31 ^1 ^ 

<#7)& tif 54- ^-o. M. i£igo|] 14^, 7l^-(l) S^ojl o]^l^ C_ 5. ^i=. ^7) a\}^ 

tfl, £ 15«fl 5=*m 3^ ^tfl^CR). ^ s)-^- cfl^(G) ^ 34^- 

tfl^(B)°fl zj-zj- cfl-g-^ ^7l(T R )(T G )(T B )^ ^± ^#(7) 4€* ^^S>^, €*r^r ^ 

#^K20)!- 7>^^. 
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<H7> ojofl H]«fl > ^ 2002-1431^^) ^-fSf ^°1, 7l^r iL^ofl 7><*)3 ^ 

^f" ^fl^ol ^ £^ ^-f , ^(17)£- £ 16^)1 iL<3*l «>^- £<>1 t}<#^ 

<ii8> £ 17^- £ 12 ^ £ 13<>fl w>sq- zy-o] 71^(1) S^ofl ( 'Tr iangle' ) 

^ A>cfe]#( 'Trapezoid')^ ^7l^<?] ^(7' )(7")°1 ^-f^l ^&)^- ^ 

*>(20)£] ^ ^ ^-§-3H^ (simulation) ^ 3.^ 91^^91 ^ $\ 

Qo) fi^s\x) ^ ^, i^o] ^^(Tlane)*?] ^2}- *li2SH 

ZLSfl^o]cf . c^7l^ ( *}<33_o5- tf<#*> £17] s) ^ afltM 

^-ffe 7l^r(l) S.t£°] ^^(plane surface)^ ^-f^ 

<H9> £ lyofl^ 71-S.^ ^ ^(^EH^nmHJl, ^ 7j-£(field 

strength)!- ^S. M-e}-^ ^ojcf. 

<120> £ lyoflA-i ^ oi^ ^o] ( ^<i^s>}. ^o] 71^(1) ^^^^.5. 

^± ^(7) sfl^i-a- ^*Rr ^-fofl^r, £L^*1 S££r ^-fofl tilsfl sj-^J- cfl^ 

<i2i> ^ ; £ 17^1 ^5>^, 71^(1) S^] <y$H-2-S ^£ ^(7H ^-^fV £ 

°cf^ ^7l# 7>^ nfl S-^ Bj-^-cfl^^ ^jr^ol 7 fl^5]^ ^ Sfr°l^ ^ 

^ ^(7)S] ^7lSf £1711- HH^^ig, 3] 3 ^(^ > ^ 3.71 o]A o Vo| ^ ^ 
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<122> £ 17^) ^uf^ £ 12 SJ £ 13°fl i^^l wj-sq- ^ 2*>^ ^-db ^(7) 4^ S-l 

S-^l tfl*fl>H5. 7l^r(l) S^o] Hl«fl 20-30% ©ltfSl ^ ^171 Jl4 

7> Si^S, ^ ^(7)4 ^-2:* ^SH^JL, 3*>^G.3. 2«H °)^°) ^ 

<123> #7]^ ;£ol , 7]^(1) S^ofl ^*Rr S.<£ * ^713. <?1^^^.S ^ ^ 

(7)* ^S>^, ^ ^Cflol ^e* ^^o]l J^-g. # ^ ol Cf. 

<124> o]^Hl^ ^^t} w>4 71^ 2002-1431^ ^fH^l ^ 

4^ ^°l^r ^ ^7l7> ^ ^ofl 7><^^ O.S 

^1H7> 7]^ 2002-1431^^1^1 sq. ^-ol ^ ^oj-oil 7f<g^ 

^t£l ?flth|Hl ^, self assembled microcavityS] ^^-o)l^ > z}- s^Ml sfl^V^- 

^ti^H 91?} ^JL, 4^* tm*}7] ^tb ^ *3 S^o-Kr 3 7>^1 
7> "fl-f o]^o_ oj o1cf 

<125> ^1°>, ^°fl^r £ 4a i)]^l c 4el . >Mtg^ ^04. £0) nflo. 

^1^^- *r &<H, ^ B^cfi*^ ^e}^ ^o] ^ JL> ^<^(uniformity)4 ^fl 

<126> , g-Q ^c]} nj-s. ^7>(20)<^1 #4i*K20)sl 

^xlo] ^ ^flBlEll- ^ ^-^ B)-^- Cfl^o) ^-nl-o. 

(filtering)^ ^Jol y}^^ £ *V > ^^1^ ^4i*K20)^ S^ofl fl-^j^ 
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<127> o^H^r, ^<H1 ^el€- #4i*K20)« ^-g-*l ^HMi^l ^ 

<128> £ 18-g, ^- Mj-^o] ^i^AHH l^a. ^-Aj- oj^ °J/£H #^^11- 7|^1S ^. 

<129> 51 14 ^ 51 18* %^*>^ , *\)l^*\<>\}°\) 4^. 3^ ^/S^r #^ 

#*l£r, SLfe p^^l ^B^l 7ltiV# ^ ^ 7l^-(l)ofl S^o, <y ^ ^/2L^ 
% ^ 31t= #^*}(20)7}- o]*}Q o]z]]o}3_ WfllS]^ ol^^ ^-^> 3fl 

^(25)* ^wl^lcf. c^H, ^ di^eflol, spj- c^^^ sjA]-^^. ^Aj- 

-g- ?H15}5. #<^H ^7l2]o] Aljr 7 }- 34 ^^ilS. ^tJ" 

^ ^H^h A o V 7l ^el^- ^7>>(20)^1 tfl«fl^i^ 4» <5>JL 

<130> Ajg^ ^-^(20)^ oj-^ A^*V W >Sq- ^O], zl J£3g <^^(10)^ p- n ^ 

^(8HH ^J^ofl ^7>fif ^ ^"^ A$S§ ^ it ^^-O] O^q. JL^ 

4# tfl<* 3L±r ^ 4# l^i*} ^ ^fi^S^ Af-g-sj ^ 01 cf. 

<m> trJ-eM, j&<£ ^1 ^(1)^1 ^4 aV£*H ^S^-^-i- ^f-sfl ^7)^ ^-o. ^ 

4(20) ^efloll- ^Aj§>^ ; frj-A^ <ya} ^ ^^o] 7>^*1 ^ 

(25)* ^SsHr 7>^fr>^. 
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<132> ojnfl, £ ISO]] y}^ ^o. ^-^ofl nf^ ^e)^ 3fl^(25)°11^ z| 

e*M ^/SE^r 3x^1!- #<3*H #7]X\°1 ^l^S >£«-*Rr ^Jol 7 >^^ £ ^. 

^*fl, *fll ^ ^12^^-(15)(17)^ ^-^> sfl^(25)5] «Ho]^7> S]^ 7l^-(l)oll 3fl 

<133> ttf^i, ^-4i^l-(20)7l- o]*}<& o]$]o]s_ n<£s\o] o]s.o]^l #4i7> 

^fl^(25)-i- oi^-^, 2^^^.s ^/.EE^r ^ 5tm. 

<134> ojnfl, ^T^OHH^ ^ SE^r ^% ^Kg, 7l#(l) JL^<H) <?]^^^^. 

, ^^^S ^Rr ^/Hi^r *^K£-lh Qis}^ 4^ Ui^l 

^ ^ ^3 ^ol§ ^7fo|^, Qf;}±r ^ ^/3L±r ^Vcfl^o^ ^ 

7>(20)7> ^eflo]^ a] ]<g^ %i^> 4^(25)^ ^ ^cf. 

<135> oj7H, ^tqo] =!7j 7 |. oj^^ ( ^4l7f(20)^ ^ #-§r 

#3 ^ 1^1^. St}", ^ 7fl«^3 ^ 7 ) 7 > Cf^sJ-S]^, ^7.>(20)^ ^ 

<i36> ^^^ofl 71^ ^ 7l^(l)oll ^-71^ ^-o. #^7}-(20)£] <>]*R1 o^eflol^ 

°l-¥-°l2l ^t>> sfl^(25)o1l^ *l]l ^ *H2#^-(15)(17)£- ^ <a^-tb w>5f ^-ol 

, A sh£t <*% ^/SE^r #3 7>^S>£^- 71^(1)^ sflEi^^Cf. . 
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<i37> g^dfl ttj-^- #3#*H SU^i, =fl^(25)^8r 

<138> olnfl, aJe^ #^*> 3fl^(25)# ^s]^ %±.*}(20) 4^ % 

<139> *Js^ ^-^>(20)7> ^ 4^ # Hl^r ^^^-i- #^ */I£^ *^>£^- ^ 

<wo> *V3! ( £ 19ofl w><4 £o] t ^-^ofl tc)-s. ^ °m ^/SE^f- t^^l^r, 

2fl^(25)# ^-^>(20) zj-zj-o] «H#-8: ^A£tt ^ 

^j-JL, ^S]^- fi4 sfl^(25) ^/SL^ t^#H #(full) ^ef SHJ-fr 

^^3r}7l z>e}- ^E](30)« -& ^B)- s)-^ tq^Seflojsl-ji, 3X|a}*i] 

z>e}-I- ntfls. #<3^ # z>e} s^v ^*Kr 7>^^. 

<141> olnfl, ^-71 ^Ei(30)^ l-cH, £ 20*11 W]-^ ^-ol, z}- 2^(p)ofl 

R, G, B SL±_7\ SL^ ^^^cf. 

<142> ol Z>2f ^(30)3 R, G, B JS.:^ Hfl^l ^Kg. ^#BT>fe £ Cfs. ^oj|S| ^ s) 

€■ 3fl^(25)oflA^ Aj^S ^z]-(20)^ 2*}Q Bfl^JZf -fi-A}*}-Cf. <^7H, ^Sj- 

<W3> ©is), zj-o], #^*} sfl^(25) sl^ofl ^-e} ^Ei(30)» *fl2 
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cf. ^, ^cg^ ^71^0] ^ef 5Mb v ^l^S. ^ € 713*1 ^ 

<i44> £ 21^ £ ^3 *fl3^HH ccj-s ^ oj^ 7fl^^ o.s £L 

<145> £ 21-ir #2:^, ^113^1 oflofl IC)-^. ^ ^/Si^r #^^H & 

°H, 4^(40)^ ^ 2j-^(P)°fl M] 7fl 3^ ZL Oj^-o] 

(20R)(20G)(20B)7> tfl -§-5)51-1=- ^^t}. £ 21<HH^r ^7] 3^ (40 H 

A 3Hi(PH 4 7fl^] -ge)€- ^^>(20R)(20G)(20G)7> tfl-g-sq^ ^ tg^tg ^ o. # ^ 

<146> o]nfl f zj- sBiCPHl cfl-§-S)^ Afl 7 flSl #i*K20R)(20G)(20B)fe ^ 

#<H, *H#(R), ^%(G), ^#(B)^ #^ ^/SEfe &7}^9l ^ sH v 

M-^^l £ #^ ^£ ^ej^ #4i*K20)£|- 

<147> £ 2H 5E.*)& uf^ a. yQr*$*\ <4-§. ^^j. 3fl^(40)^- 

<148> <^7H, ncf a}^*V ^-e^- sj-tf^g- ^ 5. 20°fl y>fif ^ ^ 

^(30)1- #7] ^i*} 3fl^(40)^ ^ofl d ^til*Kr 7>^*>cf. 
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<149> aj7H, ^E]^ %^*} 3fl ^ (40)^ Z}- ^(P)ofl cfl-§-*Kr Afl 7>^ # 

3 ^/2^r *\] 7fl ojAj-o] #^)-(20R)(20G)(20B)S] ^ n*) ^/5Ett 

^e} ^(30)^ R, G, B£.^ tifl^]^ cf^>7)l ^€ 

<150> ol^H]^ ^-AJ) rc^ zj-e}. ^ oj^ ^/S^b ^ 

4^ ^/5Eir #^^1^, 

°1 T=f<g=^ £tgoj 7>^S}i}. <£^^^■ #^ ^^<H1a^ ^ ^6fl nj-^ oi^ 

^/5£^r #3^*1^ <^ ^/SLfe #^ *lH^Kr S]5. 

<i5i> ^, ^ avrgcH) ^ ^ <sn ^/hl^ s 22011 «>^- 2}- 

22°IH 91^-^1 SBi^r <83 Sj-i ^, ^ofl 4 a ^e]^. %±_x}(20)7\ ^r%±, 

x}3,*\ a}-§-£]^ sl-^, ^ s}-^ 5}-^ #^ SBi ^, «v^ofl 4a ^ 

^ ^^>(20)7> fJ-^T^Ai Af-g-s]^ s^l- ^nl*Vt^.. 
<152> £ 22^1 iL<^ y}^- ^o] ( ^ ^ofl 4 = jrj-AV 01^ ^/cc^ 

^-^> 3fl^(25 £fe 40) sf^ ^4 s}-^" *\3, c}^ ^^3- #4i*V(20) 

<153> ^7]Ai, SJ-^V 01^ S^-^S} #^ 2}-4i^ Tfl ^ ^Cf. of| 

Mr 1"^ , 5fl^(25 SEfe 40) MHH 4^ ^^ofl <^J£ s^if^ 5}-^ <y 

n ^-g-^Jl, 14 ^X) <3<*ofl <j^]<g ^if^ 5}-^- #^ 5]-^ Aj-g-^ ^ clef. 
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<154> ££*V, ^el# ^-^>(20)7> ^r^i^ ^ ^^"ii^S^ Af-g-o] 7|-^^7l nfl^-ofl f £ 

22^1 eflAltb ^ sH£ #^o] ^e)^- ^-^>(20)# *}-§- 

*H °l^<H*l:S^t- € £ sH> <83 ^/iE^r #^*HH, sH v 2}-^ 

sq- sj-^J- #^ sMi^r *r SI^, n SJ^ s}-^ ^ SHJ- #3 

7H^^ 7>^>l}. O]^ 5}-^- Sj-db^ 3^ 3Ml« ^-S-Ofl tC)-B} ^ 

^ ^/^^ #^^1^ ^ ^/HL^ T^H 5]^. ^ <gjl 

<155> tE.th l^^l 4^ sH v °d ^ ^/S^ 51 23a ^ 51 23b^l 

^ol ; sfl^(25 £b 40) iJHH s^j- o^jz}- ^ ^ o} ^e) 

^ ^-^>(20)# -g-^V^ a1^>1- ^ji ols^^tr^. ^ € ^ ol^ ■£ 23a^r 

^ofl 5}-^- ^/JEtt #^^"^1^ #±:7> ^(25 5^ 40HH s}-^ ^ 

^o) ol^-o^x]^ ^"Efl, JE 23b^r ^ofl 2}-^- 01^ ^/iEb #53^-^1^ ^^s. 

<156> <^7H, £ 22, £ 23a ^ £ 23b^H ^^(25 EEb 40)^ z}- sj-i 

(P)tt ^sl^ ^-^V(20)7> tfl-g-*Rr ^2: (51 18 ^ 51 191- ^1 

^1) 7fl *Je}^. ^*K20R)(20B)(20C)7> nfl ^7 ^-2(51 21* 

^^tb ^^Hl)7> € ^ flt*. 

<157> igj-^ofl 14=. jgtffr oj3^ ^/£^ #^^1^ ^-7l*V ^Aloj] ol^ofl^ ^ 

<158> ojAj-oflAi ^t^*V H>sq. 7^ ^ M^ofl icf^ Oj ^ ^/SE^ #3^)^ ^^fl 

52-32 



1020030003259 #^ 2003/2/10 

<159> olnfl, o^MH A^tg^V y><2f ^ ^ofl ttj.^. jj}.^ <y ^ ^/^^ Mtf*^ 

<160> ^7lAi, Aj- 7 ] *cfl ^7l^ ( O]^ ^ , 7fl<y ^Ji ^^7] (PDA) ^ t}<#*l 

7>^tb ^-8- 7]7l7> € ^ 
<161> €■ 5^ ^ ^/H^ ol-8-*>^, #11 jfl^xfl^M 

<162> o^o^i^ ^tgofl 4= sHJ- ^/Hfe #^^17> 7l^r(lH ^S]^ 

^7.>(20)7> o)*H£ ^efloj^. afll ^3<H ol-f-o^ %^7> nfl^^- 

«V^oH >4€- ^ #^#*1*T ^7]- ^ 7fl 

<163> £ 24^r Aj-7ltV H>sq- ^ €■ ^<4| 3*-tf <3 3 ^/£^r #^^^7> uj*]^ 

<164> £ 24^1 £Al^ a}^ go], ^ofl rcj.^. og^ ^J/SE^ 

SlS.^(55)^r °l-g-*>oJ f 5}-^(51)vfloll o^e^^^ ^v»o) 7 y^}S.^ v} 

^*]% €31*1 31 (50 HI AV-g-3g + oicf. aV 7 ] ^jp.^ ElS.^(55)-^, % 3£°lElsl- 



52-33 



1020030003259 %■^ U*]-: 2003/2/10 

^Hl ^#^>5L^ 7]^# ^ ^-^(20)^ o] fAjif ^j^H, o] 

^€ MJL^l 4^ €-<H, ^(51)31 ^flv^ apMM-, o]Ei^ ^ 

* ^ ^ 

<165> ol^oflS, ^. ^-^ofl xr)-=. 5^ <^ ^/SE^ #^^1^ <dr^ % $2- 

iL^sm t±<Si£ 7]7H 1 -g-g.^ - 

^ ^H^, t% ^ ^ ^ ^^5- A>-g-o) 7 }^S\ 

<i6?> £t v ( a. ^v^oj] tcf^. ^-^ 7 ># ois>^ ^efloi^. Hfl<isH ^e)^ 

5., sfl^^H 3K>-i- ^i*3H ^ sHMH- ^^.i- <y3*Rr ^U-^ 3±L 3 

<169> ol^^j- ^ ^-tgofl rtfs 5^ ojB| ^/HL^ #^^1* Ol-g-^, 5^ ^A]Alo)l^ 
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1] 

#7l 71^:^ a^ofl'«fl^cfl 4*fl ^(microdefect) ^^S. ^ 

#7l q-^ ^ sflei A o vofl 7 i]^ 7 >^lfe *lH^-# *§#*Rr #7114: 

7l#4^ p-n Jf-SHH <#7> ^ i41 ^1*11 ^ 3l4«- 4eHH ^ 

2] 

*)lrM sa^i, #7i ^ ^ 

#71 713& jE^ofl #7l|4; 

#71 n>^£lf^l 3.7} ^ ^7)3. ^ BflU^. #7114; 

°fl3) ^°fl 4*fl, #7l p}^£3.^4 ^ofl Cfl-g-^ 71^- -^^-ol ofl^l^^s. ^ 

#7l 71* S^ofl ^ 5}]^^- 01^^0.5. ^#^171^ #7fl<2l-; 

#71 o>^aL^* aflTl^Rr ^711 5Lf-*Rr ^ ^-g. 
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[37* 3] 

*fl2*Hl Sl<>\*\ , 5S« £fe ^-^r7fl7> <H 31 °1 S tiflt^ ^ £S«f A>-g- 

*H, A oM n>^a^^] *l*Rf 3.7] £ ^7)5. ^ ^<sRr ^^.S 

[3^* 4] 

*113%H1 &oH, -SM AFM f^lS ^ ^el^ 

I^T 1 * 5] 

*HHH1 &<H*1. ^7l a o V 7 ] £ 3§ cg^ol ^ £^ ^ols. ^^5] 

6] 

3X°\*\, #7] 5L*§ ^^l #7mO-£. 7>^*>7fl ^"71 71 #6fl *)U £ 

^12^^-8; l^sf^ #31 ;« Cl i^*Rr ^el^ ^-^> ^lswj-^ . 

[^T 1 * 7] 

*0HMI &<H*1, ^"71 J£^g £#S^ «1^ 3KH1 o]*fl ^SpTT 

[^^* 8] 

*U^ofl 5U°H, £^ °J°^ ^^l ^7l ^^J^S. ^sq^r J* 
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[^t 1 * 9] 

^ ^^-ofl cfl -g-aj-H^. € ^ ^^'IS *>fe ^e)^- #4i7> ^l2:« 0 v 

10] 
HI 

afllOlMl 9X°]*\, ^ ^ tfofl ^Hr^ 7fl^p-«- ^H^q-a- ^^*>Ji, °1 

3* ^ ^ ^e|€- ^7} ^s« 0 >^. 
12] 

^19%H1 aJ<>H , A cM ^"db ^ 511^-8: ^7) 7> Cf^ 4^ = ± ^ Sfl^ 

13] 

^11^- ^18^ ^ *V « 0 v^ 0.5. 
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14] 

*fll3* 0 Hl , ^7) ^ 2fl€2l ^7|^ ^ ^/HL^r ^cj^.f 
15] 

^114^^1 9X°]*\, ^7) ^ ^ uflHH^ #<|} ^7lS. ^^H, ^ 4^ 
16] 

*fl 14* 0 H1 a o v 7 i =l ± ^ x\s. ^7)7} rfs. sl+ ^ ^ ^ 

^B}€- <Heflols. € 3-1- ^M}-°S. ^ %±7\. 

17] 

*fll3%M] Xl<H^i, £^ ^ ^ M ^-71 ^<H^ *fl7i 7>^*V ^ 

* ^eie ^7V. 

18] 

-M^^ ^-^V7> oj*><£ <^3H3. yfl^sl^ oi sfl^;^- ^-al^, 

^7] 

^7] 7]^r2\ S.^} oll^Hl 2\n 9lSm°-5L ^(microdefect) sflU 
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7]&3%Si\ p- n ^tJ- ^-3HH °<J=7> ^ Jl-bHI Sl«fl ^ M-bKIH s 

19] 

af|l8^<H| $i<H^, A oM ^ ^ 3fl€^r, 

^■Sr <HR1*M 33-8: f^AS. <^ ^/JE^r 

[3^8" 20] 

^118%H] SZ^H , ^ ^7lfe ^ ^/S^r ^^-ol <^LHr # 

21] 

^^3. ^7># °l-?-<H*l:£^r £ 3^- ^HJjls. s}^ s}-^ <tm 

22] 
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[^t 1 * 23] 

24] 

*!|18lh ifl^l *fl23*J- # <^ ^ ^-ofl *X°]*\, -#7] ^e]^ #^*} ^l^ci]^ zj- ^- 

25] 
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